Thirty multiple sclerosis (MS) patients were compared with 30 matched (age and education) controls and were asked to learn and recall
any general conclusions. Other studies (reviewed by Rao, 1986 ) employing all 11 subtests of the Wechsler Adult Intelligence Scale (WAIS) have noted a VIQ/PIQ discrepancy of at least 7 to 14 points in favor of VIQ. Rao concludes that MS patients show greater impairment on complex visual-spatial tasks. However, VIQ greater than PIQ is neither unique to MS patients nor unusual in normal populations (Todd, Coolidge, & Satz, 1977) .
A review of memory studies reveals that MS patients have more trouble recalling material than recognizing it, they are capable of incremental learning, although patients with chronic progressive MS may have a fiat learning curve, and they may be more susceptible to interference during learning (Rao, 1986) . In a recent study by Rao et al. (1993) it was found that MS patients had a deficit in articulatory rehearsal although they responded normally in the buildup and release of proactive inhibition. The later finding suggests that semantic coding stays intact in MS. Finally, Rao et al. found that MS patients performed well on priming and procedural memory tasks.
The purpose of the present study was to investigate both primary (short-term) and secondary (long-term) memory and incremental learning with interference in MS patients. A new multitrial, multilist verbal learning test, the Interference Learning Test (ILT; Schmidt & Coolidge, in press) , was used to detenxtine the extent to which MS patients can learn, recall, and recognize under interference conditions. It was hypothesized that MS patients would recall fewer words than control subjects across four learning trials under interference conditions, although it was hypothesized that their recognition memory would be unimpaired. It was also predicted that MS patients would recall and recognize the same as controls under noninterference conditions. Finally, it was predicted that MS patients would not perform differently from controls on a recognition task involving incidental or indirect verbal memory.
METHODS

Participants
Thirty MS patients were recruited through a newsletter of a local midwestern MS society and from the current patient rolls of a local neurologist. There were four males and 26 females. Medical records were obtained through patient's consent, and magnetic resonance imaging (MRI) was positive for 27 of the patients, negative for one, and there was no MRI for two patients. Two of the patients had previous alcohol abuse histories, although in years past. A donation was made to the local MS society for each patient's participation.
A matched (age and education) control sample was obtained by testing the relatives, friends, and acquaintance of students of the University of Colorado at Colorado Springs. The controls were screened and eliminated from the study if they reported a history of drug or alcohol abuse, psychiatric hospitalization, head trauma, or brain diseases. T-test results indicate no statistical difference between the groups in age (t(58) =. 11, p > .05) or years of education (t(58) = 1.08, p > .05). A summary of the patients' and controls' characteristics are presented in Table 1 .
Materials
The ILT (Schmidt & Coolidge, in press ) is a verbal learning test consisting of an initial list of 20 common noun target words (on white cards) and 24 distracter common nouns (on blue cards). The patients were told to read each word aloud and to remember only the word on the white cards. There are four trials, and after each trial, the patient is asked to recall the target words. A second list of 16 common nouns is presented without distracter words for two trials and free recall is again assessed. A half-hour interval follows during which the Shipley Institute of Living Scale (Zachary, 1991) is administered. Finally, the participants are asked to recall the target words from the first list, they are cued for recall by the category of the target words, their recognition for the target words is assessed, and they are asked to recognize the distracter words. A summary for each of the memory trials for the subsequent statistical analyses on the ILT is presented in Table 2 .
Procedure
The patients contacted the authors by telephone and arrangements were made for testing at their home, a neuropsychologist's office, or at the university. They were administered the ILT and Shipley during a single testing session by a trained undergraduate psychology technician. The expanded Kurztke was administered by the neuropsychologist (ABPP, diplomate) during a second telephone conversation. Informed consent was obtained from all patients.
RESULTS
Four analyses of variance (ANOVA) and appropriate multiple comparison t-tests were performed. A summary of the means for these analyses and multiple comparison tests Total cued recall (cueing by the category of words) Total correct recognition memory (original list 1 words and words never presented before) Total correct recognition memory (distraeter words) appears in Table 3 . The first ANOVA was a 2 x 4 design with a group main effect (MS vs. Controls) and a trials main effect (Trials 1-4) performed upon the total correct free recall for List 1. The group effect was significant (p < .005, partial E 2 = .17, power = .93) indicating that the MS patients had poorer overall recall when interference (distracter words) were present. The trials effect was also significant (p < .001, partial E 2 = .81, power = 1.00) although there was no significant interaction. The later finding implies a normal learning curve in MS patients despite fewer words being recalled overall. The second ANOVA was a 2 x 2 design with a groupand trials (Trials 1-2) main effects performed upon the total correct free recall for List 2 (without distracter words). Only the trials effect was significant (p < .01, partial e 2 = .79, power = 1.00) indicating that MS patients performed normally on verbal recall task without interference. The third ANOVA was a 2 x 2 design with group and trials (brief vs. long delay) main effects performed upon the total correct free recall for List 1. The group and trial effects were significant (p < .001, E 2 = .17, power = .86 and p < .05, respectively), but the interaction was not significant. MS patients performed poorly on both brief and long-delay free recall tasks compared to controls but there was no significant difference between the groups' recognition memory.
The fourth ANOVA was a 2 x 3 design with group and type of memory measure (cued recall vs. free recall vs. recognition) main effects performed upon the total words correct for List 1. Both the group and trial effects and the interaction were significant (p < .05, E 2 = .20, power = .81; p < .001, and p < .005, respectively). The MS patients performed more poorly on the free and cued recall task compared to the controls but there was no significant difference between the groups' recognition memory.
A t-test was also performed on the mean number of distracter word recognized on the incidental memory task, and the results indicated no significant difference between the two groups. These results appear in Table 3 .
Correlations of selected variables with the total words recalled for Trials 1-4 of List 1 is presented in Table 4 . The MS patients performance was not significantly correlated with age, education, self-report of memory problems, years of symptoms, years since diagnosis, or Kurtzke's (1983) EDSS rating. There was a significant correlation between performance and Shipley's estimated Full Scale WAIS-R FSIQ for the MS patients, but not for the controls.
Memory process measures were also derived to determine the extent the MS patients used (a) semantic clustering (recalling all the words from a single word category before changing categories); (b) serial clustering (recalling the words in the order they were presented; (c) recall consistency (the extent to which the same words are recalled across the trials rather than dropping a previously recalled word and adding a new word); and (d) the total number of intrusions (recalling a word not on the presented list). These means were compared with multiple t-tests and are summarized in Table 3 . Also, there were significant correlations between total words recalled in Trials 1-4 and the memory process measures of semantic clustering and recall consistency but not for serial clustering for the MS patients, and those correlations are summarized in Table 4 .
DISCUSSION
It appears that the memory deficits in these MS patients were limited to the recall of the target words under the interference conditions. There was no significant differences between the two groups under noninterference conditions nor when memory was assessed by recognition. Thus, learning tasks involving interference conditions may be important in the elucidation of memory disruption in MS or other CNS diseases, and the interference phenomenon may account for some of the differences in the findings among learning and memory studies in MS research. Moreover, if the present findings are replicated then the study offers at least one practical suggestion, that is, individuals who work with MS patients might use specific strategies designed to counteract or avoid interference for the MS patients in the acquisition of new information.
In the initial ANOVA, there was no significant interaction effect when the two groups' recall memory was compared across the four trials indicating similar learning curves. However, the overall total amount of learning was significantly greater for the control group. This finding strengthens the hypothesis that memory in MS patients can be reinforced through repeated trials even under interference conditions, although the total amount learned by MS patients is negatively affected by interference. Past research indicates that MS patients with cognitive impairment experience greater psychosocial dysfunction than MS patients without cognitive impairment (e.g., Rao et al., 1991; Eldund & MacDonald, 1991) . Thus, again, training individuals with MS to use compensatory strategies to ameliorate memory problems may be a way to improve the quality of life for these individuals.
The present findings also support the hypothesis that variability in previous memory studies in MS may in part be due to the use of either recall or recognition memory measures. There were no significant differences in learning between the groups on the two recognition memory measured (for Trial 1 target words and for Trial 1 distracter words).
The nature of memory disruption in MS patients requires further clarification. The target word and distracter words were recognized by MS patients as well as control subjects. Therefore, the nature of the interference does not appear to be in the encoding of the words. However, as overall recall for MS patients was less than the controls under the interference conditions and when recall for List 1 was assessed after List 2, it may be that post encoding mechanisms are involved, such as source monitoring, that is the ability to discriminate between two or more different sources of information or contextual stamping, that is the ability to recall information based upon cues from its context. The present study does support the hypothesis that intact recognition memory in MS patients is not simply due to ceiling effects on the generally easier recognition tasks compared to the more difficult free recall tasks. The average recognition for both groups after four trials of List 1 was about 88%, and the average incidental memory was about 66% on the one trail recognition task for the distracter words.
There was no significant difference in the percentage of semantic or serial clustering between the MS patients and controls although the MS patients' percentage of recall consistency was significantly less than controls, and MS patients had significantly more intrusions in free recall across the four trials of List 1 (with distracter words present). Taken together, these results indicate similar encoding (semantic and serial clustering) processes for the MS patients and controls, and retrieval problems (less recall consistency and more intrusions) for the MS patients.
The finding that memory performance was not correlated with the MS variables (symptom duration, years since onset, etc.) is consistent with previous research (Rao et al., 1993) . The finding that ILT performance was significantly correlated with Shipley's estimated WAIS-R FSIQ only for the MS patients is problematic. Perhaps Shipley's estimated WAIS-R FSIQ for MS patients is a measure more of current intellectual functioning or a measure of general cognitive decline than a premorbid estimated of IQ. Therefore, poorer performance on the Shipley would be indicative of poorer performance on the ILT for MS patients but not necessarily for controls. Also, intellectual functioning is a mediating variable in regards to the ability of individuals with cognitive impairment to compensate for the impairment. In a situation involving cognitive load, such as learning with interference, it would be expected that MS patients with a higher estimated FSIQ would perform better on the tests. This finding is obviously in need of clarification and further study.
The ratio of male to female individuals with MS has been alternatively reported as 1:1.7 (Rao, 1986) , and 1:3 (Scheinberg, 1983) in the general population. The ratio for the sample population in the present study was considerably higher in regard to females and raises the issue of the generalizability of the results to a more balanced gender population. It is possible that the results of the present study are more appropriate for female individuals with MS. But in order for the ratio of females to be the cause of a sampling artifact, it would be necessary to assume that females have statistically different memory abilities than males, or that females with MS are differentially affected by MS. The former has never been consistently or reliably documented by research, and the latter offers an interesting research possibility. There appears to be a lack of research regarding gender differences in the effects of multiple sclerosis and cognitive impairment.
Further studies are currently underway to determine the nature of the secondary memory retrieval problems and the relationship of anxiety and depression on memory in MS.
